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Stabilized Bone Graft 



Background 

[01] The rapid and effective repair of bone defects caused by injury, disease, wounds, surgery, 
etc., has long been a goal of orthopaedic surgery. Toward this end, a number of compositions 
and materials have been used or proposed for use in the repair of bone defects. The biological, 
physical, and mechanical properties of the compositions and materials are among the major 
factors influencing their suitability and performance in various orthopaedic applications. 
[02] Autologous cancellous bone ("ACB") is considered the gold standard for bone grafts. 
ACB is osteoinductive, is non-immunogenic and, by definition, has all of the appropriate 
structural and functional characteristics appropriate for the particular recipient. Unfortunately, 
ACB is only available in a limited number of circumstances. Some individuals lack ACB of 
appropriate dimensions and quality for transplantation. Moreover, donor site morbidity can pose 
serious problems for patients and their physicians. 

[03] Much effort has been invested in the identification or development of alternative bone 
graft materials. Demineralized bone matrix ("DBM") implants have been reported to be 
particularly useful (see, for example, U.S. Patents 4,394,370; 4,440,750; 4,485,097; 4,678,470; 
and 4,743,259; Mulliken et al, Calcif. Tissue Int. 33:71, 1981 ; Neigel et al, Opthal. Plast. 
Reconstr. Surg. 12:108, 1996; Whiteman et al.,J. Hand. Surg. 18B:487, 1993; Xiaobo et al, 
Clin. Orthop. 293:360, 1993; each of which is incorporated herein by reference). Demineralized 
bone matrix is typically derived from cadavers. The bone is removed aseptically and/or treated 
to kill any infectious agents. The bone is then particulated by milling or grinding and then the 
mineral component is extracted (e.g., by soaking the bone in an acidic solution). The remaining 
matrix is malleable and can be further processed and/or formed and shaped for implantation into 
a particular site in the recipient. Demineralized bone prepared in this manner contains a variety 
of components including proteins, glycoproteins, growth factors, and proteoglycans. Following 
implantation, the presence of DBM induces cellular recruitment to the site of injury. The 
recruited cells may eventually differentiate into bone forming cells. Such recruitment of cells 
leads to an increase in the rate of wound healing and, therefore, to faster recovery for the patient. 
In addition to the active factors present within the DBM, the overall structure of the DBM 
implant is also believed to contribute to the bone healing capabilities of the implant. 
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[04] Current DBM formulations have various drawbacks. First, while the collagen-based 
matrix of DBM is relatively stable, the active factors within the DBM matrix are rapidly 
degraded. The osteogenic activity of the DBM may be significantly degraded within 24 hours 
after implantation, and in some instances the osteogenic activity may be inactivated within 6 
hours. Therefore, the factors associated with the DBM are only available to recruit cells to the 
site of injury for a short time after transplantation. For much of the healing process, which may 
take weeks to months, the implanted material may provide little or no assistance in recruiting 
cells. Second, the current DBM formulations have a limited shelf-life due to the degradatory 
enzymes present in DBM preparations. 

[05] There remains a need to develop improved bone graft materials with greater and/or 
longer osteoinductive activity. These improved preparations should also have a longer shelf-life 
than current preparations. 



Summary of the Invention 
[06] The present invention provides stabilized demineralized bone matrix ("DBM") 
compositions, related methods for preparing and using the inventive compositions, and kits 
containing the inventive compositions. In light of the degradation of osteoinductive agents by 
enzymes endogenous to the DBM {e.g., proteases), the present invention provides DBM 
compositions in which the activity of endogenous enzymes on osteoinductive agents is lowered 
by (1) decreasing the pH of the DBM composition; (2) removing water from the DBM 
composition; (3) increasing the concentration of deuterated water in the DBM composition; 
and/or (4) modifying covalently the osteoinductive factors in the DBM. The lower pH 
environment of inventive DBM compositions slows the proteolysis of osteoinductive factors 
within the DBM compositions, resulting in a DBM composition with a longer shelf-life. 
Furthermore, DBM compositions held at an acidic pH {e.g., pH 2, 3, 4, 5, or 6) have increased 
stability when compared to DBM compositions at physiologic pH. In certain preferred 
embodiments, the acidified DBM composition retains greater than 75% of its original 
osteoinductivity after 6 months or 1 year of storage at room temperature. This increased shelf- 
life can be further extended by storing the DBM composition at a lower temperature such as 4°C. 
In addition, acidified DBM compositions may be further stabilized by the addition of stabilizing 
agents such as those described in USSN 10/271,140, filed October 15, 2002, incorporated herein 
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by reference (e.g., starches, modified starches, proteins, polymers, hydrogels, collagen, 
hyaluronic acid, amylose, polysaccharides, mucopolysaccharides, etc). 
[07] The osteoinductivity of hydrated DBM compositions is susceptible to degradation by 
endogenous enzymes. DBM compositions may be stored in partially or fully dehydrated forms 
by lyophilizing the composition. In lyophilized form, the osteoinductivity of DBM compositions 
is stable even when the composition is stored at room temperature. This stabilizing effect can be 
further increased by storing the DBM composition at lower temperatures. Lyophilization of the 
DBM composition can be performed on acidified DBM compositions as well as DBM 
compositions with stabilizing agents added. The addition of a lipid to the DBM prior to, during, 
or after hydration slows the proteolysis of osteoinductive factors within the DBM compositions 
resulting in a DBM composition with a longer shelf-life. Particles in a dry DBM are coated or 
otherwise associated with a lipid or other suitable material to protect the osteoinductive agents 
from being degraded in the presence of water. The percentage of particles in the DBM, which 
are treated with the protective materials, ranges from 10% up to 100%. The stabilizing effect of 
these protective materials is enhanced further by acidifying the DBM composition, dehydrating 
the composition, and/or adding deuterated water (D2O). 

[08] The addition of deuterated water (D 2 0) has also been found to inhibit the enzymes 
responsible for degrading the osteodinductive agents found in DBM compositions. By 
increasing the D2O content in DBM compositions the degrading enzymes are inhibited, and the 
DBM compositions have a longer shelf-life. The concentration of D 2 0 in the inventive DBM 
compositions may range from 10% up to 98%. The stabilizing effect of D 2 0 may be combined 
with acidifying the DBM composition, dehydrating the composition, and/or adding stabilizing 
agents. 

[09] In another aspect, the present invention provides methods of preparing inventive 
stabilized DBM compositions. For instance, the present invention provides methods of 
formulating a DBM composition with a shelf-life of 6 months, 1 year, 2 years, 3 years, 5 years, 
or 10 years. In one embodiment, the pH of the inventive DBM composition is reduced by 
rinsing or soaking the DBM in a solution of the desired acidic pH. Optionally, the acidified 
DBM composition may be lyophilized to reduce the water content of the composition. 
Deuterated water, water substitutes, or other stabilizing agents may be added to the inventive 
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DBM compositions during the preparation process to further stabilize and prevent the 
degradation of the osteoinductive agents. 

[10] The present invention also provides systems and reagents for preparing and applying 
DBM grafts, as well as systems and reagents for treating bone defects using DBM implants. For 
example, the DBM composition may be provided as a paste in a delivery device such as a 
syringe. Preferably, the DBM composition is sterile and is packaged so that it can be applied 
under sterile or aseptic conditions (e.g., in an operating room). 

[11] The present invention further provides a system for characterizing DBM compositions, 
and for identifying and preparing DBM-containing materials with improved properties. 

Brief Description of the Drawing 

Figure 1. Comparison of the osteoinductivity of hydrated (wet) DBM and dry 
(lyophilized) DBM compositions at room temperature. 

Figure 2. Comparison of the osteoinductivity of hydrated (wet) and dry (lyophilized) 
DBM compositions with accelerated aging at 40°C. 

Definitions 

[12] Acidic or acidified: An acidic or acidified DBM or DBM compositions is any 
composition in which the pH of the matrix has been decreased below physiologic pH (pH 7.4). 
The acidification may be accomplished using any method known in the art including soaking or 
rinsing the DBM in an acidic solution (e.g., a solution of HC1, acetic acid, phosphoric acid, 
carboxylic acids, etc.). In other embodiments, a buffered solution may be used to acidify the 
DBM. Preferably, the soaking or rinsing is performed sufficiently to achieve the desired lower 
pH in inner portions of the DBM particles, and preferably substantially throughout the particles. 
In certain preferred embodiments, the pH is reduced to between 2 and 6. More preferably, the 
pH of the DBM is between 3 and 4. In other embodiments, the desired lower pH is 
approximately 6.5, 6, 5.5, 5, 4.5, 4, 3.5, 3, 2.5, 2, 1.5, or 1. 

[13] Associated with: A stabilizing agent, targeting agent, or other chemical entity is 
associated with DBM or other osteogenic matrix according to the present invention if it is 
retained by the implant long enough to significantly affect the osteoinductivity of the implant 
(e.g., increase the osteoinductive score of a composition). Specific examples include 1) not 
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freely diffusible from the DBM as determined in in vitro diffusion assays in simulated body 
fluids; and/or 2) has an extended half-life (e.g., at least 10%, 20%, 30%, 40%, 50%, 100% 
longer) in the DBM as compared with free in solution. In some embodiments, associations are 
covalent; in others they are non-covalent. Examples of non-covalent interactions include 
electrostatic interactions, hydrogen bonding, hydrophobic interactions, and van der Waals 
interactions. For instance, a bioactive agent may be rendered associated with a DBM or other 
inventive matrix by virtue of a polymeric stabilizing agent that restrains diffusion of the 
bioactive agent from the matrix. Alternatively or additionally, the bioactive agent may be 
rendered associated with a DBM by virtue of a physical interaction with one or more entities that 
are themselves associated with the DBM. 

[14] Biocompatible: The term biocompatible as used herein is intended to describe materials 
that, upon administration in vivo, do not induce undesirable long term effects. 
[15] Biodegradable: As used herein, biodegradable materials are materials that degrade under 
physiological conditions to form a product that can be metabolized or excreted without damage 
to organs. Biodegradable materials are not necessarily hydrolytically degradable and may require 
enzymatic action to fully degrade. Biodegradable materials also include materials that are broken 
down within cells. 

[16] Demineralized bone activity refers to the osteoinductive and/or osteoconductive activity 
of demineralized bone. 

[17] Demineralized bone matrix, as used herein, refers to any material generated by removing 
mineral material from living bone tissue. In preferred embodiments, the DBM compositions as 
used herein include preparations containing less than 5% calcium and preferably less than 1% 
calcium by weight. Partially demineralized bone (e.g., preparations with greater than 5% 
calcium by weight but containing less than 100% of the original starting amount of calcium) are 
also considered within the scope of the invention. 

[18] Diffusion barrier refers to any material, coating, film, or substance that decreases the rate 
of diffusion of a substance from one side of the barrier to the other side, and more specifically, 
from outside to in or vice versa. The diffusion barrier in certain embodiments may be a polymer 
including proteins, polysaccharides, cellulose, man-made polymer, PLGA, etc. that prevents the 
diffusion of activating agents (including water, enzymes, etc.) and/or degradatory enzymes into 
the DBM composition. The diffusion barrier may also prevent the movement of osteoinductive 
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factors out of the DBM composition. In certain embodiments, the diffusion barrier is 
biodegradable, leading to the degradation, activation, or release of osteoinductive factors over an 
extended period of time. In other embodiments, the diffusion barrier may segmentally and/or 
regionally degrade to control the release rates in certain regions of the composition. For a more 
detailed description of diffusion barriers useful in stabilizing DBM compositions, see USSN 
10/271,140, filed October 15, 2002; USSN 60/392,462, filed June 27, 2002; and USSN 
60/329,156, filed October 12, 2001; each of which is incorporated herein by reference. 
[19] Matrix, as used herein, refers to a natural or non-natural non-gaseous {e.g., substantially 
solid, semi-solid, gel) vehicle capable of association with at least one growth factor for delivery 
to an implant site. The matrix may be completely insoluble or may be slowly solubilized after 
implantation. Following implantation, preferred matrices resorb or degrade slowly, remaining 
substantially intact for at least one to seven days, most preferably for two or four weeks or longer 
and often longer than 60 days. Growth factors may be endogenously present in the matrix as in 
the case of most demineralized bone, or they may be exogenously added to the matrix. Matrices 
may also include combinations of endogenous and exogenous growth factors. The matrix may 
be in particulate or fiber form, or may be monolithic. The matrix may comprise a number of 
materials and forms in combination such as fibers and particles. In one preferred embodiment, 
the matrix is comprised of heat pressed demineralized bone fibers. In other embodiments, the 
matrix comprises resorbable plastic polymers such as those described below as suitable for use as 
diffusion barriers. In certain embodiments, the polymer imparts rigidity upon the inventive 
composition. In other preferred embodiments, a particulated amorphous calcium phosphate is 
used as the matrix in association with an adsorbed growth factor such as a BMP, (more 
specifically BMP-2 or BMP-4 or derivatives thereof). Still other matrix embodiments requiring 
the addition of an exogenous growth factor include, but are not limited to, particulated ceramics, 
preferably calcium sulphates or calcium phosphates. The most preferred matrices are calcium 
phosphates, the preparation of which is well known to practitioners in the art (see, for example, 
Driessens et al. "Calcium phosphate bone cements" Wise, D. L., Ed. Encyclopedic Handbook of 
Biomaterials and Bioengineering, Part B, Applications New York: Marcel Decker; Elliott 
Structure and Chemistry of the Apatites and Other Calcium Phosphates Elsevier, Amsterdam, 
1994; each of which is incorporated herein by reference). Calcium phosphate matrices include, 
but are not limited to, dicalcium phosphate dihydrate, monetite, tricalcium phosphate, 
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tetracalcium phosphate, hydroxyapatite, nanocrystalline hydroxyapatite, poorly crystalline 
hydroxyapatite, substituted hydroxyapatite, and calcium deficient hydroxyapatites. 
[20] Osteoinductive, as used herein, refers to the quality of being able to stimulate bone 
formation. Any material that can induce the formation of ectopic bone in the soft tissue of an 
animal is considered osteoinductive. For example, most osteoinductive materials induce bone 
formation in athymic rats when assayed according to the method of Edwards et al. 
("Osteoinduction of Human Demineralized Bone: Characterization in a Rat Model" Clinical 
Orthopeadics& Rel. Res., 357:219-228, December 1998; incorporated herein by reference). 
Osteoinductivity in some instances is considered to occur through cellular recruitment and 
induction of the recruited cells to an osteogenic phenotype. Osteoinductivity may also be 
determined in tissue culture as the ability to induce an osteogenic phenotype in culture cells 
(primary, secondary, or explants). It is advisable to calibrate the tissue culture method with an in 
vivo ectopic bone formation assay as described by Zhang et al. "A quantitative assessment of 
osteoinductivity of human demineralized bone matrix" J. Periodontal. 68(1 1):1076-84, 
November 1997; incorporated herein by reference. Calibration of the in vitro assays against a 
proven in vivo ectopic bone formation model is critical because the ability of a compound to 
induce an apparent "osteogenic" phenotype in tissue culture may not always be correlated with 
the induction of new bone formation in vivo. BMP, IGF, TGF-J3, parathyroid hormone (PTH), 
and angiogenic factors are only some of the osteoinductive factors found to recruit cells from the 
marrow or perivascular space to the site of injury and then cause the differentiation of these 
recruited cells down a line responsible for bone formation. DBM isolated from either bone or 
dentin have both been found to be osteoinductive materials (Ray et al., "Bone implants" J. Bone 
Joint Surgery 39A:1 1 19, 1957; Urist, "Bone: formation by autoinduction" Science 150:893, 
1965; each of which is incorporated herein by reference). 

[21] Osteoinductivity score refers to a score ranging from 0 to 4 as determined according to 
the method of Edwards et al. (1998) or an equivalent calibrated test. In the method of Edwards 
et al., a score of "0" represents no new bone formation; "1" represents l%-25% of implant 
involved in new bone formation; "2" represents 26-50% of implant involved in new bone 
formation; "3" represents 51%-75% of implant involved in new bone formation; and "4" 
represents >75% of implant involved in new bone formation. In most instances, the score is 
assessed 28 days after implantation. However, for the improved inventive formulations, 
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particularly those with osteoinductivity comparable to the BMPs, the osteoinductive score may , 
be obtained at earlier time points such as 7, 14, or 21 days following implantation. In these 
instances it is important to include a normal DBM control such as DBM powder without a 
carrier, and if possible, a positive control such as BMP. Occasionally osteoinductivity may also 
be scored at later timepoints such as 40, 60, or even 100 days following implantation. 
Percentage of osteoinductivity refers to an osteoinductivity score at a given time point expressed 
as a percentage of activity, of a specified reference score. Alternatively, a quantitative and 
sensitive in vitro assay for osteoinductive activity of demineralized bone matrix to check the 
bone-forming potential of demineralized bone matrix (DBM) is used. The osteoinductivity of 
the bone morphogenic proteins (BMPs), present in DBM, can be measured in vitro using a 
pluripotent myoblast C2C12 cell line. Alkaline phosphatase activity induced by co-incubation of 
DBM with C2C12 cells was dose-responsive and corresponds to the amount of active BMPs in 
DBM. Bone forming potential was simultaneously tested in vivo by implanting DBM 
intramuscularly in nude rats. Alkaline phosphatase activity induced in C2C12 cells, correlated 
with bone formation in vivo (r=0.88), determined by alkaline phosphatase activity, mineralization 
density, and histomorphology of the DBM explants. Results from DBM batches, originating 
from five established bone banks, showed good consistency between in vitro and in vivo assays. 
However, DBM activity varied widely from bank to bank as well as from batch to batch within 
the same bank (Han et al. J. Orthop. Res. 21(4):648-54 (July 2003); incorporated herein by 
reference). 

[22] Particle or fibers refers to a preparation of DBM, DBM compositions, or bone sample 
that has been milled, ground, pulverized, or otherwise reduced to a particulate form. The size of 
the particles or fibers is typically greater than 50 microns, preferably greater than 75 microns, 
more preferably greater than 100 microns, and most preferably greater than 150 microns. These 
dimensions refer to average particle diameter for more spherical-like particles, and for particles 
of other shapes except where specifically indicated it refers to the smallest cross-sectional 
dimension of the particle. In certain embodiments, the composition may include even larger 
sized particles, preferably greater than 1 mm, greater than 1.5 mm, or most preferably greater 
than 2 mm in their largest dimension. The particles or fibers may be of any shape including 
wedges, rods, spheres, cubes, discs, ovals, coils, coiled coils, irregularly shaped, etc. For 
example, in certain embodiments, the particles may be wedge-shaped and be approximately 2 
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mm in their largest dimension and 100 microns or less in another dimension. The particles or 
fibers may be sieved or sorted in order to collect particles of a particular size. These particles or 
fibers may be mixed with a solution, slurry, deformable solid, or liquid to form a paste to be used 
in administering or applying the graft of DBM, inventive DBM composition, or bone sample. 
Preferred methods of particle or fiber preparation are disclosed in issued U.S. Patents 5,607,269; 
5,236,456; 5,284,655; 5,314,476; and 5,507,813; each of which is incorporated herein by 
reference. 

[23] Polysaccharide, as used herein, refers to any polymer or oligomer of carbohydrate 
residues. The polymer may consist of anywhere from two to hundreds to thousands of sugar 
units. Polysaccharides may be purified from natural sources such as plants or may be 
synthesized de novo in the laboratory. Polysaccharides isolated from natural sources may be 
modified chemically to change their chemical or physical properties (e.g., phosphorylated, cross- 
linked). Polysaccharides may also be either straight or branch-chained. They may contain both 
natural and/or unnatural carbohydrate residues. The linkage between the residues may be the 
typical ether linkage found in nature or may be a linkage only available to synthetic chemists. 
Examples of polysaccharides include cellulose, maltin, maltose, starch, modified starch, dextran, 
and fructose. Glycosaminoglycans are also considered polysaccharides. Sugar alcohol, as used 
herein, refers to any polyol such as sorbitol, mannitol, xylitol, galactitol, erythritol, inositol, 
ribitol, dulcitol, adonitol, arabitol, dithioerythritol, dithiothreitol, glycerol, isomalt, and 
hydrogenated starch hydrolysates. 

[24] Protease inhibitors, as used herein, are chemical compounds capable of inhibiting the 
enzymatic activity of protein cleaving enzymes (i.e., proteases). The proteases inhibited by these 
compounds include serine proteases, acid proteases, metalloproteases (examples of some matrix 
metalloprotease inhibitors are shown in Figure 6), carboxypeptidase, aminopeptidase, cysteine 
protease, etc. The protease inhibitor may act specifically to inhibit only a specific protease or 
class of proteases, or it may act more generally by inhibiting most if not all proteases. Preferred 
protease inhibitors are protein or peptide based and are commercially available from chemical 
companies such as Sigma-Aldrich. Protein or peptide-based inhibitors which adhere to the DBM 
(or calcium phosphate or ceramic carrier) are particularly preferred as they remain associated 
with the matrix providing a stabilizing effect for a longer period of time than freely diffusible 
inhibitors. Examples of protease inhibitors include aprotinin, 4-(2-aminoethyl)benzenesulfonyl 
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fluoride (AEBSF), amastatin-HCl, alpha 1-antichymotrypsin, antithrombin III, alpha 1 -antitrypsin, 
4-aminophenylmethane sulfonyl-fluoride (APMSF), arphamenine A, arphamenine B, E-64, 
bestatin, CA-074, CA-074-Me, calpain inhibitor I, calpain inhibitor II, cathepsin inhibitor, 
chymostatin, diisopropylfluorophosphate (DFP), dipeptidylpeptidase IV inhibitor, diprotin A, E- 
64c, E-64d, E-64, ebelactone A, ebelactone B, EGTA, elastatinal, foroxymithine, hirudin, 
leuhistin, leupeptin, alpha2-macroglobulin, phenylmethylsulfonyl fluoride (PMSF), pepstatin A, 
phebestin, 1,10-phenanthroline, phosphoramidon, chymostatin, benzamidine HC1, antipain, 
epsilon-aminocaproic acid, N-ethylmaleimide, trypsin inhibitor, l-chloro-3-tosylamido-7-amino- 
2-heptanone (TLCK), l-chloro-3-tosylamido-4-phenyl-2-butanone (TPCK), trypsin inhibitor, 
sodium EGTA, and sodium EDTA. 

[25] A peptide or protein, according to the present invention, comprises a string of at least two 
amino acids linked together by peptide bonds. Inventive peptides preferably contain only natural 
amino acids, although non- natural amino acids {i.e., compounds that do not occur in nature but 
that can be incorporated into a polypeptide chain) and/or amino acid analogs as are known in the 
art may alternatively be employed. Also, one or more of the amino acids in an inventive peptide 
may be modified, for example, by the addition of a chemical entity such as a carbohydrate group, 
a phosphate group, a farnesyl group, an isofarnesyl group, a fatty acid group, a linker for 
conjugation, functionalization, or other modification, etc. 

[26] Stabilizing agent is any chemical entity that, when included in an inventive composition 
comprising DBM and/or a growth factor, enhances the osteoinductivity of the composition as 
measured against a specified reference sample. In most cases, the reference sample will not 
contain the stabilizing agent, but in all other respects will be the same as the composition with 
stabilizing agent. The stabilizing agent also generally has little or no osteoinductivity of its own 
and works either by increasing the half-life of one or more of the active entities within the 
inventive composition as compared with an otherwise identical composition lacking the 
stabilizing agent, or by prolonging or delaying, or otherwise regulating, the release of an active 
factor. In certain embodiments, the stabilizing agent may act by providing a barrier between the 
matrix and degrading enzymes such as proteases and/or sugar-degrading enzymes, thereby 
protecting the osteoinductive factors found in or on the matrix from degradation and/or release. 
Additionally, the stabilizing agents may aid in the retention of a desirable DBM shape, or the 
agents may aid in maintaining the general coherence of the composition, by prolonging or 
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delaying the activity of degrading factors which reduce or destroy the association of components 
of the DBM composition. In other embodiments, the stabilizing agent may be a chemical 
compound that inhibits the activity of proteases or sugar-degrading enzymes. In a preferred 
embodiment, the stabilizing agent retards the access of one or more enzymes known to release 
and solubilize the active factors. Half-life may be determined by immunolgical or enzymatic 
assay of a specific factor, either as attached to the matrix or extracted therefrom. Alternatively, 
measurement of an increase in osteoinductivity half-life, or measurement of the enhanced 
appearance of products of the osteoinductive process (e.g., bone, cartilage or osteogenic cells, 
products or indicators thereof such as levels of gene expression associated with bone cartilage 
formation) is a useful indicator of stabilizing effects for an enhanced osteoinductive matrix 
composition. The measurement of prolonged or delayed appearance of a strong osteoinductive 
response will generally be indicative of an increase in stability of a factor coupled with a delayed 
unmasking of the factor activity. For a more detailed description of stabilizing agents useful in 
stabilizing DBM compositions, see USSN 10/271,140, filed October 15, 2002; USSN 
60/392,462, filed June 27, 2002; and USSN 60/329,156, filed October 12, 2001; each of which is 
incorporated herein by reference. 

[27] Targeting agent is any chemical entity that, when included in an inventive compositions, 
will direct the composition to a particular site or cause the inventive composition to remain in a 
particular site within the recipient's body. A targeting agent may be a small molecule, peptide, 
protein, biological molecule, polynucleotide, etc. Additionally, targeting agents may be species- 
or cell-specific viruses, cell-specific promoter and enhancer binding transcription factors and/or 
hormones. Typical targeting agents are antibodies, ligands of known receptors, and receptors. 
These targeting agents may be associated with the inventive composition through covalent or 
non-covalent interactions so that the inventive composition is directed to a particular tissue, 
organ, injured site, or cell type. 



Description of Certain Preferred Embodiments 
[28] As described herein, the present invention provides compositions and methods relating to 
improved DBM compositions. Below, certain aspects of preferred embodiments of the invention 
are described in more detail and with reference to the Figures of the Drawing. Those of ordinary 
skill will appreciate that a variety of embodiments or versions of the invention are not 
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specifically discussed below but are nonetheless within the scope of the present invention, as 
defined by the appended claims. 

[29] DBM is comprised principally of proteins and glycoproteins, collagen being the primary 
protein substituent of DBM. While collagen is relatively stable, being degraded only by the 
relatively rare collagenase enzymes, the other proteins and active factors present in DBM are 
quickly degraded by enzymes present in the host. These host-derived enzymes include proteases 
and sugar-degrading enzymes (e.g., endo- and exo-glycosidases, glycanases, glycolases, 
amylase, pectinases, galacatosidases, etc.). The instant invention stabilizes the osteoinductivity 
of DBM compositions by slowing the degradation of the osteoinductive factors present in DBM. 
The instant invention also may increase the effective osteoinductivity of the DBM composition 
by reducing proteolytic degradation of the active factor within the DBM composition. 
[30] The instant invention provides several approaches to the protection of active factors from 
degradation by either host-derived or endogenous enzymes. Factors to be protected may be 
endogenous to DBM preparations or factors added to either DBM or synthetic matrix 
compositions. Protection is provided by lowering the pH of the DBM composition thereby 
inhibiting the degradatory activity of endogenous enzymes; and/or by increasing the 
concentration of D2O to inhibit endogenous degrading enzymes; and/or adding water substitutes 
such as glycols, polyols, hyaluronic acid, etc. to inhibit enzyme activity; and/or covalent 
modification of the DBM active agents; and/or addition of chemical and/or enzymatic inhibitors 
which prevent the degrading activity of hydrolysis and endogenous enzymes. Water may be 
removed from the inventive stabilized DBM compositions to further stabilize the composition. 
Other methods of prolonging or stabilizing osteoinductivity may be used in conjunction with the 
inventive method. Preferably, the degradation of active factors within the DBM composition is 
inhibited to yield a desired osteoinductivity score after storage. 

Demineralized Bone Matrix 

[31] DBM preparations have been used for many years in orthopaedic medicine to promote 
the formation of bone. For example, DBM has found use in the repair of fractures, in the fusion 
of vertebrae, in joint replacement surgery, in dental surgery, and in treating bone destruction due 
to underlying disease such as rheumatoid arthritis. DBM is thought to promote bone formation 
in vivo by osteoconductive and osteoinductive processes. Osteoconduction occurs if the 
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implanted material serves as a scaffold for the support of new bone growth. Osteoconduction is 
particularly significant when bone growth is desired across a large or "critical size" defect, 
across which bone healing would proceed only slowly or not at all. It is generally believed that 
the osteoconductive properties of DBM preparations are provided by the actual shape and 
coherence of the implant. Thus DBM compositions comprising entangled fibers tend to have 
superior osteoconductive properties as compared to less fibrous, more granular preparations. 
Stabilizing agents, which tend to preserve the shape and/or coherence of the DBM substituent, 
can lead to better bone forming properties. 

[32] The osteoinductive effect of implanted DBM compositions is thought to result from the 
presence of active growth factors present on the isolated collagen-based matrix. These factors 
include members of the TGF-0, IGF, and BMP protein families. Particular examples of 
osteoinductive factors include TGF-p, IGF-1, IGF-2, BMP-2, BMP-7, parathyroid hormone 
(PTH), and angiogenic factors. Other osteoinductive factors such as osteocalcin and osteopontin 
are also likely to be present in DBM preparations as well. There are also likely to be other 
unnamed or undiscovered osteoinductive factors, inherently present in DBM, which would be 
protected through the invention herein described.. 

[33] Any of a variety of demineralized bone matrix preparations may be utilized in the 
practice of the present invention. DBM prepared by any method may be employed including 
particulate or fiber-based preparations, mixtures of fiber and particulate preparations, fully or 
partially demineralized preparations, mixtures of fully and partially demineralized preparations, 
including surface demineralized preparations as described by Gertzman et al. (U.S. Patent 
6,326,018, issued December 4, 2001; incorporated herein by reference). Preferred DBM 
compositions are described by Dowd et al, U.S. Patent 5,507,813, which is incorporated herein 
by reference. Also useful are DBM preparations comprising additives or carriers such as 
polyhydroxyl compounds, polysaccharides, glycosaminoglycan proteins, nucleic acids, 
polymers, polaxomers, resins, clays, calcium salts, and/or derivatives thereof. 
[34] In certain embodiments, the DBM material utilized to formulate inventive compositions 
has greater than 50%, preferably greater than 75%, more preferably greater than 80%, 85%, 
90%, or 95% and most preferably greater than 98% of the calcium phosphate removed. The 
bone used in creating the DBM may be obtained from any source of living or dead tissue. Often, 
it will be preferred that the source of bone be matched to the eventual recipient of the inventive 
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composition. At a minimum, it is often desirable that the donor and recipient are of the same 
species, though even xenogenic sources are permitted. 

[35] Once a bone sample is obtained, it is milled, ground, pulverized, or otherwise reduced to 
particulate form. In preferred embodiments, the particles will be greater than 75 microns in their 
minimum dimension, more preferably greater than 100 microns, and more preferably greater 
than 150 microns. However, it should be noted that one method of the preferred invention is to 
stabilize implants containing particles less than 100 microns in any dimension and potentially 
even less than 75 microns. Particles of 75 microns or less, following demineralization, are 
known to have limited or no osteoinductivity, and aspects of the present invention may be used 
to enhance the activity of these small size particles as well. For preparations employing DBM of 
these small sizes, at least one stabilizing agent is used which retards the influx of host cells 
capable of removing such small particles (e.g., macrophages and foreign body giant cells) long 
enough to allow the active factors within the DBM to elicit an osteoinductive response. In 
addition or alternatively, a diffusion barrier will be present to retard the efflux of factors from the 
particles. In certain embodiments, the particles are at least 200 microns across the greatest 
dimension. The particles may be any shape including ovals, spherical, cuboidal, cones, 
pyramids, wedges, coils, coiled coils, etc. In certain embodiments, the particles are wedges, 
pyramids, or cones being 200 microns across their largest dimension. In other embodiments, the 
DBM composition may include a mixture of several different sizes and/or shapes of particles. 
[36] Following particulation, the DBM is treated to remove mineral from the bone. While 
hydrochloric acid is the industry-recognized demineralization agent of choice, the literature 
contains numerous reports of methods for preparing DBM (see, for example, Russell et al. 
Orthopaedics 22(5):524-531, May 1999; incorporated herein by reference). For the purposes of 
the present invention, any material that provides a scaffold containing active osteoinductive 
factors is considered DBM. The DBM may be prepared by methods known in the art or by other 
methods that can be developed by those of ordinary skill in the art without undue 
experimentation. In some instances, large fragments or even whole bone may be demineralized, 
and then particulated following demineralization. DBM prepared in this way is within the scope 
of the invention. 

[37] In preparing the improved DBM compositions, the DBM component may be ground or 
otherwise processed into particles of an appropriate size before or after demineralization. In 
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certain embodiments, the particle size is greater than 75 microns, more preferably ranging from 
about 100 to about 3000 microns, and most preferably from about 200 to about 2000 microns. 
After grinding the DBM component to the desired size, the mixture may be sieved to select those 
particles of a desired size. In certain embodiments, the DBM particles may be sieved though a 
50 micron sieve, more preferably a 75 micron sieve, and most preferably a 100 micron sieve. 
[38] One particularly useful way to protect small size particles from cellular ingestion and/or 
provide a diffusion barrier is to embed them in a monolithic bioabsorbable matrix, and then 
fragment the particle-containing monolithic matrix into particle sizes greater than 70 microns, 
preferably greater than 100 microns, and most preferably greater than 150 microns in their 
smallest dimension. Preferred matrices for embedding small DBM particles include 
biocompatible polymers and setting calcium phosphate cements. Generally the particulate 
DBM/polymer weight ratio will range from about 1 :5 to about 1:3. In the case of calcium 
phosphate, the DBM will be present from 25% up to 90% by weight, preferably from 50% to 
80%, more preferably from 60% to 80%; and most preferably approximately 75%. Particulation 
of the monolith can be accomplished by conventional milling or grinding, or through the use of 
cryomilling, or freezing followed by pulverization. In one preferred embodiment, lyophilized 
DBM is embedded in a resorbable polymer. In a second preferred embodiment, lyophilized 
DBM is embedded in one of the setting calcium phosphates known to the art. 
[39] Acidification. Following preparation of the inventive DBM composition, the composition 
may be stored in its hydrated form or in a lyophilized form with the endogenous water removed. 
The lyophilized composition may have 50%, 60%, 70%, 80%, 90%, 95%, or 98% of the water 
removed from the original sample. In lyophilized form, the osteoinductive activity of the 
inventive DBM composition is substantially more stable even when stored at room temperature 
over months. However, the osteoinductivity of the DBM composition is unstable in hydrated 
form and has been shown to degrade rapidly at pH 7.4 at 37°C (Urist et al. J. Theor. Biol. 
38:155, 1973, incorporated herein by reference). Endogenous proteolytic enzymes have been 
implicated as the source of this instability at physiologic pH. (Urist et al. J. Histochem. & 
Cytochem. 22:88-103, 1974, incorporated herein by reference). The proteolytic activity of these 
endogenous protease can be reduced by lowering the pH of the inventive DBM composition. At 
a pH between 2-6, preferably 3-5, and more preferably 3-4, the inventive DBM composition has 
an increased stability whether in a lyophilized or hydrated form. In certain preferred 
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embodiments, the acidified and/or lyophilized DBM composition may lose less than 99%, 95%, 
90%, or 80% of its original osteoinductivity after being stored at 37 °C for up to 1 week, up to 3 
weeks, up to 5 weeks, up to 1 year, up to 2 years, or up to 3 years. 

[40] The inventive DBM composition may be prepared by acidifying the DBM composition 
by rinsing and/or soaking the DBM in a acidic solution or buffered solution with the desired pH, 
preferably <7, more preferably between approximately 2 and approximately 5, and most 
preferably between approximately 3 and approximately 4. In certain embodiments, the DBM 
may be rinsed and/or soaked until the desired pH has been achieved. In other embodiments, the 
acidified DBM composition may be achieved by rinsing the demineralized DBM with water after 
the demineralization step, which is usually accomplished with an acid such as HC1. Rinsing with 
water or a buffered solution may continue after the demineralization step until the desired pH of 
the DBM has been achieved. The acidification step may occur before, during, or after the 
addition of additional stabilizing agents such a diffusion barriers, protease inhibitors, D 2 0, 
covalent modifications, chemicals, or water substitutes as described below. 
[41] As a result of the acidic environment of the DBM, the proteolytic activity of endogenous 
proteases is decreased resulting in increased stability of the osteoinductive factors present in the 
DBM. The increased stability of the acidified DBM compositions may be tested by any method 
known in the art including implanting the DBM composition inter-muscularly in rats and looking 
for bone formation after a defined time period (see, Edwards et al. Clinical Orthopaedics 
357:219-228, 1998, incorporated herein by reference). In a preferred embodiment, the 
osteoinductivity of a DBM composition retains >50%, >75%, >80%, >90%, >95%, or >98% of 
the original osteoinductivity of the DBM after 1 week, 3 weeks, 5 weeks, 6 months, 1 year, 1.5 
years, 2 years, 3 years, and 10 years. 

[42] The inventive acidified DBM composition may be stored in hydrated or lyophilized form. 
The composition may contain from about 10% to about 99% water by weight. In certain 
preferred embodiments, the water content is >10% by weight. The composition may be stored at 
or below room temperature to further increase the self-life of the inventive DBM composition. 
As would be appreciated by one of skill in this art, decreasing the temperature will increase the 
half-life of the osteoinductivity of the inventive DBM composition. 

[43] Deuterated water. Deuterated water has also been shown to be a stabilizing agent. For 
example, D 2 0 has been shown to increase the stability of organic molecules, macromolecules, 
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viruses, and vaccines (Katz "The biology of heavy water" Scientific American July 1960, 106- 
115; Katz "Chemical and biological studies with deuterium" 39 th Priestly Lecture, Pennsylvania 
State University, 1-110; Jain et al. Biochem. Biophys. Acta 860:448, 1986; each of which is 
incorporated herein by reference). Crainic and Simpson have described increased thermal and 
microbial stability and slower disaggregation of certain macromolecules (WO 94/21298; 
incorporated herein by reference). The presence of 95% D2O has been found to be equivalent to 
a 4-5°C reduction in storage temperature compared to H 2 0, for vaccines. In addition, 7-25% 
D 2 0 helps prevent protein denaturation (see Wenzel, DE2253086; Hamaya and Horikoshi 
JP01 179689; Teva Pharm. Industries, Ltd. EP 332826; each of which is incorporated herein by 
reference). The present invention demonstrates that the addition of deuterated water to DBM or 
the soaking or rinsing of DBM in deuterated water results in the stabilization of the 
osteoinductivity of DBM compositions. Preferably, the percentage of D 2 0 is greater than 50%, 
more preferably greater than 75%, and even more preferably greater than 90%. In certain 
embodiments, the percentage of D 2 0 is greater than 95%. However, in some embodiments, the 
percentage of D 2 0 may be 5-10%, 10-20%, 20-30%, or 40-50%. In other embodiments, the pD 
of a D 2 0 solution or buffer used to prepare a DBM compositions is below 7.0, preferably 
between 2 and 5, and more preferably between 3 and 4. By lowering the pD of the D 2 0 solution 
or buffer, the osteoinductivity is further stabilized by reducing the activity of endogenous 
proteases as discussed above. The use of D 2 0 as a stabilizing agent may also be combined with 
other stabilizing agents such as starch, protease inhibitors, polymers, etc. 
[44] Other water substitutes. Other agents know to decrease the activity of water or increase 
the viscosity of the water in DBM compositions may also be used to stabilize DBM 
compositions. For example, decreasing the water content in DBM compositions by 
lyophilization causes the viscosity of the remaining fluid to increase, thereby, slowing down 
diffusion of protease and osteoinductive agents in the DBM compositions. The increased 
viscosity of fluid in the DBM compositions can be also be accomplished by the addition water 
substitutes to the DBM compositions. Water substitutes may also inhibit chemical reactions in 
which water participates, or water is the required medium for the reaction. Water substitutes 
may include polyols such as glycerol, hydrophilic polymers, polyethylene glycol, hydrogels, 
hyaluronic acid, lipids, hydroxylated small molecules, DMSO, DMF, oils, emulsions of oil and 
water, emulsions of oil and degassed water, polysaccharides, etc. Preferably, the water 
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substitutes are biocompatible. Without wishing to be bound by any particular theory, these water 
substitutes likely act to stabilize DBM compositions by decreasing the diffusion of 
osteoinductive agents to the enzymes that will degrade them. Water substitutes may also inhibit 
chemical reactions in which water participates or is the required medium for the reaction. 
Therefore, even at room temperature the resulting DBM compositions with water substitutes 
have a greater shelf-life than DBM compositions without water substitutes. The effect of water 
substitutes may be further increased by storing the DBM compositions at lower temperatures. 
Other stabilizing agents and/or other methods of stabilizing DBM compositions (e.g., lowering 
pH) may also be used in conjunction with water substitutes. 

[45] Examples of water substitutes include hydrogenated castor oil, bone marrow lipids, 
hydrogenated beef tallow, hydrogenated lard oil, cacao butter, fatty acid glycerol esters such as 
glycerol monolaurate, glycerol monomyristate, glycerol monopalmitate, glycerol monostearate, 
glycerol dilaurate, glycerol dimyristate, glycerol dipalmitate, glycerol distearate, glycerol 
trimyristate, glycerol tripalmitate, and glycerol tristearate. 

[46] Examples of waxy materials that may be used as water substitutes include beeswax, 
carnauba wax, Japan wax, spermaceti, hydrocarbons such as paraffin, micro-crystalline wax, and 
fatty alcohols such as cetyl alcohol, and stearyl alcohol as well as higher fatty acids such as 
lauric acid, myristic acid, palmitic acid, stearic acid, behenic acid, and arachidic acid. 
[47] The addition of water substitutes to a composition also has the benefit of making the 
composition flowable and moldable. 

[48] Addition of stabilizing agents. The incorporation of stabilizing agents into the inventive 
formulations is generally accomplished by suspending the molecule or molecules of interest in 
an appropriately compatible buffer as will be known to those skilled in the art. This buffer is 
then mixed with matrix in a relatively low liquid-to-solid volume ratio to form a slurry. In 
certain embodiments, the buffer with the stabilizing agent(s) is mixed with lyophilized matrix. 
The slurry may then be lyophilized and used to prepare the desired DBM formulations. 
[49] One feature of the instant invention is that the incorporation of enzyme inhibitors, 
competitive substrates, masking agents, or other stabilizing agents often has the additional 
feature of further improving the DBM formulation's shelf-life by preventing access of 
endogenously present degradative enzymes to the active factors present in the matrix. This is 
particularly true for DBM formulations which are prepared containing water (e.g., DBM 
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preparations with hydrogel carriers such as hyaluronic acid or collagen, or hydrated starch 
carriers). 

[50] Covalent Modification of DBM. The DBM may be covalently modified by the addition 
of polyethylene glycol or silylation. 

Test for Stabilization 

[51] The invention also provides a simple in vitro test for the screening of suitable stabilizing 
agents. DBM compositions prepared as described herein are exposed under simulated 
physiological conditions (e.g., pH 7.4, physiological saline) to an enzyme or combination of 
enzymes known to be capable of degrading some or all of the protein constituents of the DBM. 
Most often this will be a protease such as trypsin, pepsin, papain, peptidase, or the like. 
Evidence for matrix or matrix component breakdown is compared between the two preparations. 
Materials retarding the breakdown process are considered to be good candidates for further 
testing. Preferred indicators of breakdown include immunological detection of TGF-0 and/or 
IGF breakdown. In addition to the enzymes indicated above, other enzymes such as collagenases 
or combinations of enzymes as well as glycosidases may also be used. Particularly useful in this 
regard is the natural degradatory activity of serum or tissue extracts. Under these conditions, 
specific marker proteins present in the DBM may be tracked by immunological methods such as 
radioimmunoassay or gel electrophoresis utilizing western blots, or other analytical methods 
known in the art. 

[52] Following the identification of candidate stabilizers in the above assay, the DBM 
formulations containing the candidate stabilizers are tested in the osteoinductivity assays 
described elsewhere herein. 

Osteoinducer 

[53] To the improved DBM may be added other osteoinducing agents. These agents may be 
added in an activated or non-activated form. These agents may be added at anytime during the 
preparation of the inventive material. For example, the osteoinducing agent may be added after 
the demineralization step and prior to the addition of the stabilizing agents so that the added 
osteoinducing agent is protected from exogenous degrading enzymes once implanted. In some 
embodiments the DBM is lyophilized in a solution containing the osteoinducing agent. In 
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certain other preferred embodiments, the osteoinducing agents are adhered onto the hydrated 
demineralized bone matrix and are not freely soluble. In other instances, the osteoinducing agent 
is added to the improved DBM after addition of the stabilizing agent so that the osteoinducing 
agent is available immediately upon implantation of the DBM. 

[54] Osteoinducing agents include any agent that leads to or enhances the formation of bone. 
The osteoinducing agent may do this in any manner, for example, the agent may lead to the 
recruitment of cells responsible for bone formation, the agent may lead to the secretion of matrix 
which may subsequently undergo mineralization, the agent may lead to the decreased resorption 
of bone, etc. Particularly preferred osteoinducing agents include bone morphogenic proteins 
(BMPs), transforming growth factor (TGF-P), insulin-like growth factor (IGF-1), hormones 
including parathyroid hormone (PTH), and angiogenic factors such as VEGF. In one preferred 
embodiment (Example 12), the inducing agent is genetically engineered to comprise an amino 
acid sequence which promotes the binding of the inducing agent to the DBM or the carrier. 
Sebald et al. in PCT/EP00/00637, incorporated herein by reference, describe the production of 
exemplary engineered growth factors, suitable for use with DBM. 

Formulation 

[55] Improved osteogenic compositions of the present invention may be formulated for a 
particular use. The formulation may be used to alter the physical, biological, or chemical 
properties of a DBM preparation. A physician would readily be able to determine the 
formulation needed for a particular application taking into account such factors as the type of 
injury, the site of injury, the patient's health, the risk of infection, etc. 
[56] Inventive compositions therefore may be prepared to have selected resorption/loss of 
osteoinductivity rates, or even to have different rates in different portions of an implant. For 
example, the formulation process may include the selection of DBM particles of a particular size 
or composition, combined with the selection of a particular stabilizing agent or agents, and the 
amounts of such agents. To give but one example, it may be desirable to provide a composition 
whose osteoinductive factors are active in a relatively constant amount over a given period of 
time. A DBM composition comprising factors with longer half-lives can be prepared using a less 
biodegradable polymer or a larger amount {e.g., a thicker coating) of polymeric compound. 
Alternatively or additionally, the particle size may be important in determining the half-life of 



Page 20 of 40 



the inventive DBM composition. In certain preferred embodiments, an inventive formulation 
may include a mixture of particles, each with a different half-life. Such a mixture could provide 
the steady or possible unmasking of osteoinductive factors over an extended period of time 
ranging from days to weeks to months depending on the needs of the injury. Compositions such 
as this can be formulated to stimulate bone growth in a human patient comparable to the bone 
growth induced by treatment with 10 ug of rhBMP on a collagen sponge, and preferably 
comparable to 100 ug, and most preferably 1-10 mg rhBMP. 

[57] Physical properties such as deformability and viscosity of the DBM may also be chosen 
depending on the particular clinical application. The particles of the improved DBM may be 
mixed with other materials and factors to improve other characteristics of the implant. For 
example, the improved DBM material may be mixed with other agents to improve wound 
healing. These agents may include drugs, proteins, peptides, polynucleotides, solvents, chemical 
compounds, biological molecules. 

[58] The particles of DBM (or inventive DBM material) may also be formed into various 
shapes and configurations. The particles can be formed into rods, strings, sheets, weaves, solids, 
cones, discs, fibers, wedges, coils, coiled coils, etc. In certain embodiments, the shape and size 
of the particles in the DBM composition affect the time course of osteoinductivity. For example, 
in a cone or wedge shape, the tapered end will result in osteoinductivity shortly after 
implantation of the DBM composition, whereas the thicker end will lead to osteoinductivity later 
in the healing process (e.g., hours to days to weeks later). In certain embodiments, the particle 
have a length of greater than 2 mm, greater than 1 .5 mm, greater than 1 mm, preferably greater 
than 500 microns, and most preferably greater than 200 microns across its widest dimension. 
Also, larger particle size will have induced bone formation over a longer time course than 
smaller particles. Particles of different characteristics (e.g., composition, size, shape) may be 
used in the formation of these different shapes and configurations. For example, in a sheet of 
DBM a layer of long half-life particles may be alternated between layers of shorter half-life 
particles (See U.S. Patent 5,899,939, incorporated herein by reference). In a weave, strands 
composed of short half-life particles may be woven together with strands of longer half-lives. 
[59] In one preferred embodiment of the invention, fibrous DBM is shaped into a matrix form 
as described in U.S. Patent 5,507,813, incorporated herein by reference. The shaped DBM is 
then embedded within a diffusion barrier type matrix, such that a portion of the matrix is left 
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exposed free of the matrix material. Particularly preferred blocking matrices are starch, 
phosphatidyl choline, tyrosine polycarbonates, tyrosine polyarylates, polylactides, 
polygalactides, or other resorbable polymers or copolymers. Devices prepared in this way from 
these matrices have a combination of immediate and longer lasting osteoinductive properties and 
are particularly useful in promoting bone mass formation in human posterolateral spine fusion 
indications. 

[60] In another embodiment of the invention, inventive DBM compositions having a pre- 
selected three-dimensional shape are prepared by repeated application of individual layers of 
DBM, for example by 3-D printing as described by Cima et al. U.S. Patents 5,490,962; and 
5,518,680, each of which is incorporated herein by reference; and Sachs et al. U.S. Patent 
5,807,437, incorporated herein by reference. Different layers may comprise individual stabilized 
DBM preparations, or alternatively may comprise DBM layers treated with stabilizing agents 
after deposition of multiple layers. 

[61] In the process of preparing improved inventive DBM materials, the materials may be 
produced entirely aseptically or be sterilized to eliminate any infectious agents such as HIV, 
hepatitis B, or hepatitis C. The sterilization may be accomplished using any method or 
combination of methods, including one or more of antibiotics, irradiation, chemical sterilization 
(e.g., ethylene oxide), or thermal sterilization. Other methods known in the art of preparing 
DBM such as defatting, sonication, and lyophilization may also be used in preparing the 
improved DBM. Since the biological activity of demineralized bone is known to be 
detrimentally affected by most terminal sterilization processes, care must be taken when 
sterilizing the inventive compositions. In preferred embodiments, the DBM compositions 
described herein will be prepared aseptically or sterilized as described in Example 6. 

Applications 

[62] Improved osteogenic compositions of the present invention may be used to promote the 
healing of bone injuries. The compositions may be used in any bone of the body on any type of 
injury. The improved DBM composition has been designed to produce bone in human patients 
with similar timing and at a level similar to 10 ug to 100 ug, preferably 200 ug to 1 mg of 
rhBMP on a collagen sponge. For example, specific bones that can be repaired using the 
inventive material include the ethmoid, frontal, nasal, occipital, parietal, temporal, mandible, 
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maxilla, zygomatic, incus, stapes, malleus, cervical vertebrae, thoracic vertebrae, lumbar 
vertebrae, sacrum, sternum, ribs, clavicle, scapula, humerus, ulna, radius, carpal bones, 
metacarpal bones, phalanges, ileum, ischium, pubis, pelvis, femur, patella, tibia, fibula, 
calcaneus, talus, and metatarsal bones. The type of injury amenable to treatment with the 
improved DBM include bone defects resulting from injury, brought about during the course of 
surgery, infection, malignancy, or developmental malformation. The inventive material may be 
useful in orthopaedic, neurosurgical, cosmetic, and oral and maxillofacial surgical procedures 
such as the repair of simple and compound fractures and non-unions, external and internal 
fixations, joint reconstructions such as arthrodesis, general arthroplasty, cup arthroplasty of the 
hip, femoral and humeral head replacement, femoral head surface replacement and total joint 
replacement, repairs of the vertebral column including spinal fusion and internal fixation, tumor 
surgery (e.g., deficit filling), discectomy, laminectomy, excision of spinal cord tumors, anterior 
cervical and thoracic operations, repair of spinal injuries, scoliosis, lordosis and kyphosis 
treatments, intermaxillary fixation of fractures, mentoplasty, temporomandibular joint 
replacement, alveolar ridge augmentation and reconstruction, inlay bone grafts, implant 
placement and revision, sinus lifts, etc. 

[63] These and other aspects of the present invention will be further appreciated upon 
consideration of the following Examples, which are intended to illustrate certain particular 
embodiments of the invention but are not intended to limit its scope, as defined by the claims. 

Examples 

Example 1 : Preparing Demineralized Bone Matrix (DBM) 

[64] DBM may be prepared using any method or technique known in the art (see Russell et al. 
Orthopedics 22(5):524-531, May 1999; incorporated herein by reference). The following is an 
exemplary procedure for preparing demineralized bone derived from Glowacki et al. 
"Demineralized Bone Implants" Clinics in Plastic Surgery 12(2):233-241, April 1985, which is 
incorporated herein by reference. Bones or bone fragments from donors are cleaned to remove 
any adherent periosteum, muscle, connective tissue, tendons, ligaments, and cartilage. 
Cancellous bone may be separated from dense cortical bone and processed as large pieces. 
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Cortical bone may be cut into small pieces to improve the efficiency of subsequent washes and 
extractions. Denser bone from larger animals may need to be frozen and hammered in order to 
produce chips less than 1 cm. The resulting pieces of bone are thoroughly washed with cold, 
deionized water to remove marrow and soft tissue. 

[65] The cleaned bone is then extracted with frequent changes of absolute ethanol for at least 

1 hour. Typically, a total of 4 liters of ethanol is used per 1 00 g of bone. The bone is then 
extracted with frequent changes of anhydrous diethyl ether in a fume hood for 1 hour. Typically, 

2 liters of ether is used per 100 g of bone. The bone is dehydrated by these extractions of ethanol 
and ether and can be stored at room temperature. 

[66] The dehydrated bone is then frozen and then pulverized in a liquid nitrogen impacting 
mill. Pulverized bone is then sieved into fractions of 75 to 250, 250 to 450, and greater than 450 
microns. Bone particle fractions are then demineralized using 0.5 M hydrochloric acid (50 ml 
per gram) for 3 hours at room temperature or at 4°C on magnetic stirrers with insulation to 
prevent overheating. Large chips of bone and blocks are extracted completely at 4°C with 
frequent changes of 0.5 M hydrochloric acid. The demineralization process can be monitored 
radiographically, by ashing, or by nondecalcified histologic techniques (von Kossa stain). The 
acid and liberated minerals are washed away with cold, deionized water until the pH of the wash 
matches the pH of the water. The water washes can be decanted from the large particles and 
chips of bone; however, the washes must be removed by centrifugation from the finer particles. 
The washing step requires approximately 500 ml of water per gram of starting bone particles. 
[67] Demineralized bone powders are extracted with changes of absolute ethanol for 1 hour 
using 200 ml of ethanol per gram of starting bone particles. The material is extracted in a fume 
hood with changes of anhydrous ethyl ether for 1 hour with 100 ml of ether per gram of starting 
bone particles. After the last change of ether is removed, the demineralized bone powder is left 
overnight in the hood until all the residual ether has vaporized. The particles should be odorless, 
snow-white, and discrete. To sterilize the demineralized bone material, it may be treated with 
cold ethylene oxide or irradiated. 

[68] To test the bioactivity of the prepared DBM, 25 mg of the material is implanted into each 
of two thoracic subcutaneous pockets in shaved, anesthetized 28-day old male Charles River CD 
rats. The implanted specimens may then be harvested and inspected several days after 
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implantation. The composition of the induced tissue can be quantified by histomorphometric 
analysis and be biochemical techniques. 

Example 2 : Another Method of Preparing DBM. 

[69] DBM may be prepared using any method or techniques known in the art (See Russell et 
al. Orthopedics 22(5):524-531, May 1999; incorporated herein by reference). 
[70] Demineralized bone matrix was prepared from long bones. The diaphyseal region was 
cleaned of any adhering soft tissue and then ground in a mill. Ground material was sieved to 
yield a powder with particles approximately 100 um to 500 um in diameter. The particulate 
bone was demineralized to less than about 1% (by weight) residual calcium using a solution of 
Triton X-100 (Sigma Chemical Company, St Louis, MO) and 0.6N HC1 at room temperature 
followed by a solution of fresh 0.6N HC1. The powder material was rinsed with deionized water 
until the pH was greater than 4.0. It then was soaked in 70% ethanol and freeze-dried to less 
than 5% residual moisture. 

Example 3 : In vitro assessment of pH stabilized DBM 

[71] Samples of pH stabilized DBM with or without stabilizing agents (or various 
concentrations and/or formulations of stabilizing agents) are prepared and incubated with serum 
or individual enzymes ( e.g., papain) in PBS buffer (pH 7.4) and incubated at 37 °C for 0.5, 1, 2, 
4, 8, and 24 hours Samples are then extracted to determine the concentrations of growth factors 
and other matrix proteins as outlined in Ueland et. al. ("Increased cortical bone content of 
insulin-like growth factors in acromegalic patients" J Clin Endocrinol Metab 1999 
Jan;84(l): 123-7; incorporated herein by reference). Samples are prepared for native and 
denaturing SDS gel electrophoresis followed by Western blot analysis or Western Ligand 
blotting as described in Ueland et al. (1999) and incorporated herein by reference (Ueland etal. 
"Increased cortical bone content of insulin-like growth factors in acromegalic patients" J Clin 
Endocrinol Metab 1999 Jan;84(l): 123-7; and Walker, J.M. (Ed) The Protein Protocols 
Handbook, Second Edition 2002, Humana Press Totowa, New Jersey; each of which is 
incorporated herein by reference). 
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[72] Samples may then be tested for osteoinductivity at 7, 14, 21, 28, 30, 60, or 90 days in the 
athymic rat assay. Extract samples can also be tested rapidly for biological activity in a tissue 
culture assay as described in Zhang et al. (1997). 

Example 4 : Determining Time Course for Induction of Bone Growth by Intermuscular Implant 
[73] This Example characterizes the time course of induction of bone growth in an 
intermuscular site using the inventive materials, as compared with DBM base powder (as in 
Example 1), at time points of 7, 14, 28, and 35 days. This Example is similar to the rat model for 
assessing osteoinduction of DBM found in Edwards et al. "Osteoinduction of Human 
Demineralized Bone: Characterization in a Rat Model" Clinical Orthopaedics 357:219-228, 
December 1998; incorporated herein by reference. 

[74] The study is conducted in athymic (nude) rats in order to minimize the potential for a 
cross-species incompatibility response to human tissue implants. The hind-limb intermuscular 
site is used for the initial determination of heterotopic bone induction properties because the site 
does not naturally contain bone. 

[75] Female homozygous rnu/rnu rats in the 50-75 g range are obtained from Harlan 
(Indianapolis, IN). The rats are housed for one week for acclimatization purposes prior to 
surgery. Sterile microisolator cages are used throughout the investigation, with sterile water and 
rodent diet provided ad libitum. 

[76] Implant Placement: A single intermuscular (IM) site is utilized in each hind limb of 30 
rats. To provide a common positive control over all animals, a single 40 mg sample of rat DBM 
powder is placed intramuscularly within the left pectoralis (LP) muscle of each rat. Animals are 
allowed normal activities following surgical procedures. 

[77] Implant Materials: DBM and test materials are kept at room temperature. Samples are 
tested for implantation times of 7, 14, and 28 days. Samples of DBM powder are rehydrated 
with 100 ul of sterile ALLOPREP™ (Ostetotech, Eatontown, NJ). Each of the samples is 
packed into a 1 ml blunt cut syringe. Implantation is randomized so that a single animal does not 
receive two of the same implants. 

[78] Anesthesia: The rats are anesthetized with a mixture of ketamine (200 mg), xylazine 
(400 mg), and physiological saline (10 ml). The dosage is 3.5 ml/kg body weight administered 
intraperitoneally. 
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[79] Procedure: Aseptic surgical procedures are carried out in a laminar airflow hood. A 1- 
cm skin incision is made on each upper hind limb using a lateral approach, and the skin is 
separated from the muscle by blunt dissection. A superficial incision aligned with the muscle 
plane is made to allow for insertion of the tips of the scissors. Blunt dissection is performed 
from this line deep into the muscle to create a pocket to hold the implanted material. A single 
suture is inserted to close the muscle pocket, and the skin is closed with metal clips. 
[80] Implantation of specimens in the left pectoralis muscles involves making a 1-cm skin 
incision over the chest, blunt dissection of the muscle to create a pocket, and positioning of the 
rat DBM powder using a blunt syringe. A single suture is inserted to close the muscle pocket, 
and the skin is closed with metal clips. 

[81] Rats are euthanized with CO2 following the designated implantation time. Implant 
materials are located by palpitation, retrieved by blunt dissection, and cleaned of the surrounding 
tissue by careful trimming. An observer blinded to implant type performed a macroscopic 
evaluation of the implant material. Color, vascularity, hardness, and integrity are scored 
according to the scheme outlined in the Table below. (The highest score for the most robust 
response would be a 4 while a specimen showing little or no osteoinductive potential would 
score a 0.) Experience with this model has shown a high correlation between visual observations 
and histological observations of implant performance only at the extremes of both ends of the 
scale. 



Macroscopic Observation Scoring Guidelines 



Color: 


White (W) 


Grey (G) 


Red (R) 


Vascularity: 


None (N) 


Some (S) 


Robust (R) 


Hardness: 


Mushy (M) 


Firm (F) 


Hard (H) 


Integrity: 


Diffuse (D) 


Flat (F) 


Nodule (N) 


Score: 


0 


0.5 





[82] Histology: Retrieved materials are fixed in Neutral buffered formalin. After fixation in 
formalin, samples are decalcified in 10% formic acid, dehydrated in graded alcohols, embedded 
in JB-4 (glycol methacrylate, Polysciences, Inc., Warrington, PA) and sectioned. Five-micron 
sections are stained with toluidine blue and evaluated by light microscopy. 
[83] These explants are histologically evaluated using a semiquantitative method. Briefly, a 
numerical score based on a five-point scale is assigned to each section of nodule: 4 = more than 
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75% involved in new bone formation; 3 = 51-75% involved in new bone formation; 2 = 26-50% 
involved in new bone formation; 1 = 1-25% of the explant involved in new bone formation; and 
0 = no evidence for the process of endochondral bone formation including the presence of 
cartilage or chondrocytes, active osteoblasts, osteoid, newly formed and mineralized bone, 
and/or marrow and associated fat cells. 



Scoring of Histological Sections 



Score 


New Bone Formation 


0 


No new bone formation 


1 


<25% new bone formation 


2 


26-50% new bone formation 


3 


5 1-75% new bone formation 


4 


>75% new bone formation 



[84] Following histological analysis, average scores are calculated for each material type. 
Based on previous experience with this animal model, each group is assigned an assessment of 
osteoinductive potential based on the average histological score. 

Example 5: Osteoinduction in a rabbit model 

[85] Fifty-five male New Zealand White rabbits are assigned to three treatment groups. Test 
article was prepared as described herein. Those animals assigned to the Low Dose treatment 
group (n=20) receive 3.5 ml of the test article in the right paravertebral muscle following a 
protocol specified procedure. Animals assigned to the High Dose treatment group (n=20) 
receive 3.5 ml of the test article in the right paravertebral muscle and 7.0 ml of the test article in 
the subcutaneous tissue of each side of the dorsal thoracic area. The animals assigned to the 
Control treatment group (n=15) are implanted with 3.5 ml of control article (rehydrated DBM 
powder) in the right paravertebral muscle. At 7, 14, and 28 days post-implantation, four animals 
from the Low and High Dose treatment groups and three animals from the Control groups are 
humanely sacrificed. At 60 days post-implantation, the remaining animals are sacrificed (eight 
from the Low and High Dose test groups and six from the Control treatment group). The implant 
sites are collected from each rabbit and fixed in 10% neutral buffered formalin (NBF). The test 
and control implant sites from the 60 days post-implantation study interval are placed in 
decalcification solutions for 3 days after adequate formalin fixation. All tissue samples are 
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processed using standard histological techniques, sectioned at 5 urn, and stained with 
hematoxylin and eosin. 

Example 6 : Terminal Sterilization 

[86] This example describes a terminal sterilization method which minimizes osteoinductivity 
loss in the inventive preparations. 

[87] The inventive DBM preparations are produced in a clean room environment from human 
tissue. The finished implants are placed in individual tray packages. 
[88] Each tray is placed in an Audionvac sealing apparatus (Audion Electro B.V., Weesp- 
Holland) which is supplied with a cylinder consisting of 50/50 hydrogen/argon gas. Before the 
tray packages are sealed, they are evacuated and backfilled with the gas mixture twice. 
Following sealing, the gas mixture remains in each tray package. 

[89] The packaged implants are then sealed packages and then treated with 1 5 KGy gamma 
radiation from a cobalt 60 source to reduce the bioburden of the implants to the desired level. 

Example 7: Storage of acidic DBM at Room Temperature 

[90] To determine the stability of acidic DBM in real time, a DBM composition comprising 
pooled human demineralized bone powder (100-500 micron particle size) at pH -5.0 was 
prepared and subjected to storage at room temperature. Sixteen samples were prepared for each 
time point and half of the DBM samples were then stored in hydrated form, while endogenous 
water was removed by lyophilization from the second half. Test samples were packed in foil 
pouches, sealed and stored at ambient temperature and humidity for 0, 5.3, 12, 21.3, and 31.8 
weeks until implantation. Samples were implanted inter-muscularly in the upper thigh of female 
nude rats as described in Edwards et al. Clinical Orthopaedics 357:219-228, 1998; incorporated 
herein by reference. The DBM was subsequently explanted 28 days after surgery for histological 
evaluation and scoring of osteoinductivity as described in the above reference. Results of 
histological studies showed that there was no significant decrease in the osteoinductivity of 
DBM samples which were stored hydrated or lyophilized for up to 31 .8 weeks (Figure 7). These 
data indicate that an acidic DBM is stable at room temperature in either hydrated or lyophilized 
form for at least 31.8 weeks. 



Page 29 of 40 





0 weeks 


5.3 weeks 


12 weeks 


21.2 weeks 


31.8 weeks 


Hydrated DBM 


4 


3.5 


4 


3.5 


3.5 


Lyophilized DBM 


4 


3.5 


3.5 


3.5 


3.5 



Example 8: Storage of Acidic DBM at 40°C 

[91] To evaluate the long term stability of acidic DBM, a DBM composition comprising 
pooled human demineralized bone powder (100-500 micron particle size) at pH -5.0 was 
prepared and subjected to accelerated aging. Sixteen samples were prepared for each time point. 
Half of the DBM samples were then stored in hydrated form, and the other half were stored in 
lyophilized form by removing endogenous water. Test samples were packed in foil pouches, 
sealed, and stored at 40°C ± 2°C, 75% ± 5% relative humidity, for 0, 5.3, 12, 21.2, and 31.8 
weeks until implanted. Storage at 40 °C for the times indicated is equivalent to room 
temperature, real time storage of 0, 6, 12, 24, and 36 months, respectively. This is based upon 
the Von't Hoff principle of enzyme kinetics with a calculated Qi 0 = 6.45 as described by Reich et 
al. Medical Device and Diagnostic Industry 10(3):34-39, 1998; incorporated herein by reference. 
Samples were implanted inter-muscularly in the upper thigh of female nude rats as described in 
Edwards et al. Clinical Orthopaedics 357:219-228, 1998, incorporated herein by reference. The 
DBM was subsequently explanted 28 days after surgery for histological evaluation and scoring 
of osteoinductivity of DBM samples which were stored lyophilized for up to 3 years (based on 
accelerated aging). In contrast, DBM samples which were stored in the hydrated form lost about 
50% of their osteoinductivity in 3 years (based on accelerated aging) (Figure 8). These data 
indicate that while both storage method, i.e., hydrated or lyophilized retain the osteoinductivity 
of the acidic DBM, a lyophilized acidic DBM is more stable and retains at least 75% of its 
osteoinductivity after three years. 





0 weeks 


6 months 


12 months 


24 months 


36 months 


Hydrated DBM 


4 


3.25 


2 


2 


1.5 


Lyophilized DBM 


4 


3.25 


3.2 


2.75 


3 



Example 9: Storage of Acidic DBM plus Starch Carrier at 40°C 

[92] To assess the stability of an acidic DBM containing a starch carrier, a DBM comprising 
pooled human demineralized bone powder (100-500 micron particle size) and a carrier 
(maltodextrin, modified starch, and water) at pH -4.3 was made and subjected to accelerated 
aging at 40°C. Samples were packaged and sealed in foil packages. Accelerated aging testing 
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was done at 40°C ± 2°C, 75% ± 5% relative humidity. Eight samples were prepared for each 
time point and stored in hydrated form. Test samples were packed in foil pouches, sealed and 
stored at 40°C ± 2°C, 75% ± 5% relative humidity, for 0, 5.3, 10.6, 21.2, and 31.8 weeks until 
implanted. Storage at 40°C for the times indicated is equivalent to room temperature, real time 
storage of 0, 6, 12, 24,and 36 months, respectively. This is based upon the Von't Hoff rule of 
enzyme kinetics with a calculated Qio = 6.45 as described in Reich et al Medical Device and 
Diagnostic Industry 10(3):34-39, 1998; incorporated herein by reference. Each accelerated- 
aging sample had a real time sample analyzed in parallel after 0, 6, 12, 24, and 36 months of 
aging at room temperature. Samples were implanted inter-muscularly in the upper thigh of 
female nude rats as described in Edwards et al. Clinical Orthopaedics 357:219-228, 1998, 
incorporated herein by reference. The DBM was subsequently explanted 28 days after surgery 
for histological evaluation and scoring of osteoinductivity as described in the above reference. 
Results of histological studies showed that there was only a slight difference between samples 
tested under real time and accelerated aging conditions. These data indicate that an acidic DBM 
containing a starch carrier retains more than 75% and about 80% of its osteoinductivity after 
three years. This also demonstrates that there is a coloration between real time aging of DBM 
and accelerated aging, which can be calculated using the Von't Hoff rule of enzyme kinetics. 





0 weeks 


6 months 


12 months 


24 months 


36 months 


Real time DBM 


3.5 


3.2 


3.0 






Accelerated DBM 


3.5 


3.2 


3.3 


3.1 


2.8 



Example 10: Storage of Acidic versus Neutral DBM at 40°C 

[93] To compare the long term stability of an acidic pH DBM to a neutral pH DBM, a DBM 
comprising pooled human demineralized bone powder (100-500 micron particle size) is made, 
pH adjusted, and subjected to accelerated aging. Accelerated aging testing is done at 40°C ± 
2°C, 75% ± 5% relative humidity. Eight samples at each pH are prepared for each time point and 
stored in hydrated form. Test samples are packed in foil pouches, sealed, and stored at 40°C ± 
2°C, 75% ± 5% relative humidity, for 0, 5.3, 10.6, 21.2, and 31.8 weeks until implanted. Storage 
at 40°C for the times indicated is equivalent to room temperature, real time storage of 0, 6, 12, 
24, and 36 months, respectively. This is based upon the Von't Hoff rule of enzyme kinetics with 
a calculated Q10 = 6.45 as described in Reich et al. Medical Device Diagnostic Industry 
10(3):34-39, 1998, incorporated herein by reference. Samples are implanted inter-muscularly in 
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the upper thigh of female nude rats as described in Edwards et al. Clinical Orthopaedics 
357:219-228, 1998, incorporated herein by reference. The DBM is subsequently explanted 28 
days after surgery for histological evaluation and scoring of osteoinductivity as described in the 
above reference. Results of histological studies should indicate acidic DBM maintains 
osteoinductive stability for at least 0, 6, 12, 24, and 3 months while the osteoinductivity of pH 
neutral DBM is less stable. 

Example 1 1 : Stabilization of a Neutral DBM with a Hyaluronic Acid Carrier 
[94] To evaluate the stability of a neutral DBM which has been pH stabilized with a 
hyaluronic acid carrier, a neutral pH DBM comprising pooled human demineralized bone 
powder (100-500 micron particle size) is made with and without a hyaluronic acid carrier and 
subjected to accelerated aging. Accelerated aging testing is done at 40°C ± 2°C, 75% ± 5% 
relative humidity. Eight samples are prepared with and without a hyaluronic acid carrier for each 
time point and stored in hydrated form. Test samples are packed in foil pouches, sealed, and 
stored at 40°C ± 2°C, 75% ± 5% relative humidity, for 0, 5.3, 10.6, 21.2, and 31.8 weeks until 
implanted. Storage at 40°C for the times indicated is equivalent to room temperature, real time 
storage of 0, 6, 12, 24, and 36 months, respectively. This is based upon the Von't Hoff rule of 
enzyme kinetics with a calculated Q10 = 6.45 as described in Reich et al. Medical Device and 
Diagnostic Industry 10(3):34-39, 1998, incorporated herein by reference. Samples are implanted 
inter-muscularly in the upper thigh of female nude rats as described in Edwards et al. Clinical 
Orthopaedics 357:219-228, 1998, incorporated herein by reference. The DBM is subsequently 
explanted 28 days after surgery for histological evaluation and scoring of osteoinductivity as 
described in the above reference. Results of histological studies are expected to show that the 
addition of a hyaluronic acid carrier to a pH neutral DBM maintains osteoinductive stability for 
at least 0, 6, 12, 24, and 36 months or more while the osteoinductivity of pH neutral DBM is less 
stable. 

Example 12: Stabilization of a Neutral DBM with a Collagen Carrier 
[95] To evaluate the stability of a neutral DBM composition which has been pH stabilized 
with the addition of a collagen carrier, a neutral pH DBM comprising pooled human 
demineralized bone powder (100-500 micron particle size) is made with and without a collagen 
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carrier and subjected to accelerated aging. Accelerated aging testing is done at 40°C ± 2°C, 75% 
± 5% relative humidity. Eight samples are prepared with and without a collagen carrier for each 
time point and stored in hydrated form. Test samples are packed in foil pouches, sealed, and 
stored at 40°C ± 2°C, 75% ± 5% relative humidity, for 0, 5.3, 10.6, 21.2, and 31.8 weeks until 
implanted. Storage at 40°C for the times indicated is equivalent to room temperature, real time 
storage of 0, 6,12, 24, and 36 months, respectively. This is based upon the Von't Hoff rule of 
enzyme kinetics with a calculated Q10 = 6.45 as described in Reich et al. Medical Device and 
Diagnostic Industry 10(3):34-39, 1998, incorporated herein by reference. Samples are implanted 
inter-muscularly in the upper thigh of female nude rats as described in Edwards et al. Clinical 
Orthopaedics 357:219-228, 1998, incorporated herein by reference. The DBM is subsequently 
explanted 28 days after surgery for histological evaluation and scoring of osteoinductivity as 
described in the above reference. Results of histological studies should indicate that the addition 
of a collagen carrier to a pH neutral DBM maintains osteoinductive stability for at least 0, 6, 12, 
24, and 26 months or more while the osteoinductivity of pH neutral DBM is less stable. 

Example 13: Preparation of DBM Stabilized with Lipid 

[96] A known amount of lecithin is solubilized in a known volume of 70% or 1 00% ethanol. 
For example, 4.5g, 2.25 g, or 1.125 g of lecithin is dissolved in 13.5 ml of ethanol. The resulting 
mixture of lecithin in ethanol may optionally be filtered through a 0.2 micron filter. The 
lecithin/alcohol mixture is then added to DBM (4.5 g), and the material is allowed to penetrate 
the matrix for 30 minutes. The material is then frozen and lyophilized. The lecithin-DBM 
composition can then be used in formulating bone replacement materials. The lipid-stabilized 
DBM may offer benefits including improved look and feel, enhanced activity, improved 
stability, and increased shelf life. 



Other Embodiments 

[97] The foregoing has been a description of certain non-limiting preferred embodiments of the 
invention. Those of ordinary skill in the art will appreciate that various changes and 
modifications to this description may be made without departing from the spirit or scope of the 
present invention, as defined in the following claims. 
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Claims 

1 . A deminineralized bone matrix composition comprising demineralized bone matrix, 
wherein pH of the matrix is below 7. 

2. The composition of claim 1 wherein the matrix is hydrated. 

3. The composition of claim 1 wherein the pH is below 6. 

4. The composition of claim 1 wherein the pH is below 5. 

5. The composition of claim 1 wherein the pH is below 4. 

6. The composition of claim 1 wherein the pH is below 3. 

7. The composition of claim 1 wherein the pH is below 2. 

8. The composition of claim 1 wherein the pH is between approximately 3 and 4. 

9. The composition of claim 1 wherein the pH is between approximately 4 and 5. 

10. The composition of claim 1 wherein the pH is between approximately 5 and 6. 

1 1 . The composition of claim 1 further comprising exogenous osteoinductive or osteogenic 
agents. 

12. The composition of claim 1 further comprising a pharmaceutical agent. 

13. The composition of claim 1 further comprising a starch. 

14. The composition of claim 1 further comprising a hydrogel. 
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1 5. The composition of claim 1 further comprising a synthetic hydrogel. 

16. The composition of claim 1 further comprising a reverse phase hydrogel. 

17. The composition of claim 1 further comprising a polysaccharide. 

1 8. The composition of claim 1 further comprising a protein. 

19. The composition of claim 1 further comprising a mucopolysaccharide. 

20. The composition of claim 1 further comprising a hyaluronic acid. 

21. The composition of claim 1 further comprising collagen. 

22. The composition of claim 1 further comprising amylose. 

23. The composition of claim 1 further comprising glycerol. 

24. The composition of claim 1 further comprising polyethylene glycol. 

25. The composition of claim 1 further comprising a protease inhibitor. 

26. The composition of claim 1, wherein the composition retains at least 50% of its original 
osteoinductivity after 6 months at room temperature. 

27. The composition of claim 1 , wherein the composition retains at least 75% of its original 
osteoinductivity after 6 months at room temperature. 

28. The composition of claim 1, wherein the composition retains at least 90% of its original 
osteoinductivity after 6 months at room temperature. 
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29. The composition of claim 1 , wherein the composition retains at least 95% of its original 
osteoinductivity after 6 months at room temperature. 

30. The composition of claim 1, wherein the composition retains at least 50% of its original 
osteoinductivity after 1 year at room temperature. 

3 1 . The composition of claim 1 , wherein the composition retains at least 75% of its original 
osteoinductivity after 1 year at room temperature. 

32. The composition of claim 1, wherein the composition retains at least 90% of its original 
osteoinductivity after 1 year at room temperature. 

33. The composition of claim 1 , wherein the composition retains at least 95% of its original 
osteoinductivity after 1 year at room temperature. 

34. The composition of claim 1, wherein the composition retains at least 50% of its original 
osteoinductivity after 2 years at room temperature. 

35. The composition of claim 1 , wherein the composition retains at least 75% of its original 
osteoinductivity after 2 years at room temperature. 

36. The composition of claim 1 , wherein the composition retains at least 90% of its original 
osteoinductivity after 2 years at room temperature. 

37. The composition of claim 1 , wherein the composition retains at least 95% of its original 
osteoinductivity after 2 years at room temperature. 

38. The composition of claim 1 , wherein water content of the composition is less than 50% 
by weight. 
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39. The composition of claim 1 , wherein water content of the composition is less than 25% 
by weight. 

40. The composition of claim 1, wherein water content of the composition is less than 10% 
by weight. 

41 . The composition of claim 1, wherein percentage of D 2 0 is at least 5%. 

42. The composition of claim 1, wherein percentage of D 2 0 is at least 10%. 

43. The composition of claim 1, wherein percentage of D 2 0 is at least 25%. 

44. A method of preparing a demineralized bone matrix composition comprising steps of: 

providing bone; 

demineralizing the bone resulting in DBM; and 

rinsing the resulting DBM with buffer or water until pH of the DBM is between 
approximately 3 and 4. 

45. A method of preparing a demineralized bone matrix composition, the method comprising 
steps of: 

providing a demineralized bone matrix composition; 

rinsing or soaking the demineralized bone matrix with an aqueous solution at a 
desired pH until pH of the DBM is below pH 7. 

46. The method of claim 45, wherein the pH is between approximately 3 and 4. 

47. The method of claim 45, wherein the pH is between approximately 2 and 5. 

48. The method of claim 45 further comprising step of: 

lyophilizing the DBM with pH below 7. 
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49. A method of preparing a demineralized bone matrix comprising steps of: 

hydrating lyophilized a DBM composition in a buffer with pH less than 7. 

50. The method of claim 49 wherein the pH is between approximately 3 and 4. 

5 1 . The method of claim 49 wherein the pH is between approximately 2 and 5. 

52. A method of using the DBM composition of claim 1 , the method comprising steps of: 

providing a patient with a bone defect requiring repair; and 

implanting the DBM composition of claim 1 into the patient at the site of the bone 

defect. 

53. The method of claim 52, wherein the bone defect is a bone fracture. 

54. The method of claim 52, wherein the bone defect is a congenital abnormality. 

55. A deminineralized bone matrix composition comprising demineralized bone matrix and 
at least 5% of the water content is D 2 0. 

56. The composition of claim 55, wherein percentage of D 2 0 is at least 1 0%. 

57. The composition of claim 55, wherein percentage of D 2 0 is at least 25%. 

58. The composition of claim 55, wherein the pD/pH is less than 7.0. 

59. The composition of claim 55, wherein the pD/pH is approximately 3. 

60. The composition of claim 55 further comprising starch. 

61 . A kit comprising the demineralized bone matrix composition of claim 1 conveniently 
packaged for clinical use. 
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62. The kit of claim 61 wherein the demineralized bone matrix is packaged in sterile form. 

63. The kit of claim 61 wherein the demineralized bone matrix is packaged in a syringe. 

64. The kit of claim 61 further comprising a medium for rehydrating the demineralized bone 
matrix prior to implantation. 
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Abstract 

A demineralized bone matrix (DBM) or other matrix composition is provided that has 
been stabilized by lowering the pH of the composition, reducing the water content, adding water 
substitutes, and/or increasing the amount of deuterated water present in the composition in order 
to reduce the activity of endogenous degrading enzymes such as proteases. A hydrated form of a 
stabilized DBM composition may be stable up to a year at room temperature at acidic pH. The 
acidified DBM compositions may be further stabilized by the addition of a stabilizing agent such 
as deuterated water, starches, polymers, protease inhibitors, glycerol, hydrogels, etc. The 
invention also provides methods of preparing, testing, and using the inventive stabilized 
osteodinductive matrix compositions. 
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